In mammals, acoustic information arises in the cochlea and is transmitted to the ventral cochlear nuclei (VCN). Three groups of VCN neurons extract different features from the firing of auditory nerve fibers and convey that information along separate pathways through the brainstem. Two of these pathways process temporal information: octopus cells detect coincident firing among auditory nerve fibers and transmit signals along monaural pathways, and bushy cells sharpen the encoding of fine structure and feed binaural pathways. The ability of these cells to signal with temporal precision depends on a lowvoltage-activated K + conductance (g KL ) and a hyperpolarization-activated conductance (g h ). This 'tale of two conductances' traces gap detection and sound lateralization to their cellular and biophysical origins.
Timing Information in the Processing of Sound
In mammals, acoustic information arises in the cochlea and is transmitted to the ventral cochlear nuclei (VCN). Three groups of VCN neurons extract different features from the firing of auditory nerve fibers: octopus, stellate, and bushy cells, which in turn convey that information along separate pathways through the brainstem. Two of these pathways process temporal information: octopus cells detect coincident firing among auditory nerve fibers and transmit signals along monaural pathways, while bushy cells sharpen the encoding of fine structure and feed binaural pathways. The ability of these cells to signal with temporal precision depends on both g KL and g h conductances. Mice with genetically altered g h and g KL have deficits in detecting temporal gaps and in lateralizing sounds, and these sensory deficits parallel the slowing of electrical events in octopus and bushy cells, respectively.
Processing temporally precise auditory information underlies both monaural and binaural functions. For instance, the ability of mammals to detect temporal gaps in sounds is a monaural function. The detection of gaps is crucial for mammals to determine the biological significance or meaning of sounds. In humans it is required for understanding speech [1] [2] [3] [4] [5] . People with auditory neuropathy whose gap-detection thresholds are elevated have difficulty understanding speech even when their hearing thresholds are near-normal. The ability to detect a gap of 3 ms [3] requires that neurons encode offsets and onsets of sounds with a temporal precision of at least 1 ms.
Localizing the azimuthal direction of sound origin, by contrast, is a binaural function. This function relies on comparisons of timing and intensity between the two ears [6]. The
Trends
Two conductances enable auditory brainstem neurons to carry acoustic information in the timing of firing: the g h conductance mediated through HCN channels and the g KL conductance mediated through Kv1 channels.
Deletion of crucial subunits of those ion channels differentially alters the biophysical properties of auditory neurons and also alters the ability of mice to detect gaps in sounds or lateralize sound sources.
Biophysical changes in the binaural pathways through bushy cells of the ventral cochlear nucleus parallel deficits in sound lateralization.
Biophysical changes in octopus cells of the ventral cochlear nucleus, which form a disynaptic monaural pathway through the brainstem to the inferior colliculus, parallel and can account for deficits in gap detection.
